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II. An Account of fome Experiments fliown hfore 
the Royal Society ; with an enquiry into the 
cattfe of the A/cent a»d Su [pen (ton of Water in 
Capillary Tubes. $y James Jurin, M.V. and 
R. Soc, S. 

* Ome Days ago a Method was propofed to me by 
\ | an ingenious Friend, for making a perpetual Mo- 
tion, which ieem'd To plauiihie, and indeed To eafiiy 
demonftrable from an Qbiervation of the lace Mr. Hawks* 
See, faid to be grounded upon Experiment, that, tho' 
I am far from having any Opinion of attempts of this 
Nature, yet, I confels, I could not fee why it fliould 
not fucceed. Upon tryai indeed I found my felf dilap- 
pointed. But as fearches after things impoflible in 
themfeives are frequently obferv'd to produce other 
difcoveries unexpected by the Inventer; fo this Pro- 
pofal has given occafion not only to rectify fome mi- 
Hakes into which we had been led, by that ingenious 
and ufefui Member of the Royal Society above named, 
but likevvife to dczc& the real Principle, by which 
Water is rsis'd and fufpended in Capillary Tubes, 
above the Level. 

fl'y Fritn£$ Frofofal tvjs as foVovcs. 

Fig \. Letu4^Cbea capillary Siphon, compos'd 
of two Legs A B> B C, unequal both in length and 
Diameter; whole longer and narrower Leg AB ha- 
ving its orifice A immerft in Water, the Water will 
rife above the Level, till it fills the whole Tube A B. 
and will then continue fufpended. If the wider and 
fhortcr Leg B C, be in like manner immcrft, the Water 
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will only rife to fonie height as FC, lefs than tli 
height of the Tube B C\ 

This Siphon being filfd with Water, and the Orifice 
A funk below the Surface of the Water DM, my Friend 
reafons thus. 

Since the two Columns of Water AB and FC, by 
the Suppofition, will be fufpended by (bme Power a&ing 
within the Tubes they are contained in, they cannot de- 
termine the Water to move one way, or the other. But 
the Column B F, having nothing to fuppcrt it* mull 
defcend, and caufe the Water to run out at C. Then 
the preflure of the Atmofphere driving the Water up- 
ward through the Orifice A, to fupply the Vacuity, 
which would other wife be left in the upper part of the 
Tube B C, this muft neceflarily produce a perpetual 
Motion, fince the Water runs into the fame VefieJ, 
out of which it rifes. But the Fallacy of this reafoning 
appears upon making the Experiment. 

Exp. 1* For the Water, inftead of running out at 
the Orifice C, rifes upward towards F, and running all 
out of the Leg B C, remains fufpended in the other 
Leg to the height A B. 

Exp, x. The fame thing fucceeds upon taking the 
Siphon out of the Water, into which its lower Orifice 
A had been immerft, the Water then falling in drops 
out of the Orifice A, and (landing at laft at the height 
AB. But in making thele two Experiments it is nc- 
eefiary that AG the difference of the Legs exceed FC, 
otherwife the Water will not run either wav. 

Exp. 3. Upon inverting the Siphon full of Water, it 
continues without Motion either way. 

The reafon of all which will plainly appear, when 
we come to difcover the Principle, by which the Water 
is fufpended in Capillary Tubes. 

Mr, 
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Mr. Flawkshe's Obfervation is as follows. 

Tig. z. Let AB F C be a capillary Siphon, into 
tlie which the Water will rife above the Level to the 
height C/y and let B A be the depth of the Orifice 
of its longer Leg below the Surface of the Water D E. 
Then the Siphon being fill I'd with Water, if B A be not 
greater than C F 9 the Water will not run out at A, but: 
will remain fufpended. 

This feems indeed very plaufible at firfl: fight. For 
fince the Column of Water TC will be fufpended by 
fome power within the (Tube, why fliould not the Co- 
lumn B A 9 being equal to, or lefs than the former, 
continue fufpended by the fame Power ? 

Exp. 4. In fad, if the orifice C be lifted up out of 
the Water D E % the W r ater in the Tube will continue 
fufpended, .unlefs B A exceed FC. 

Exp. 5, But whenC is never fo little immerft in the 
Water, immediately the Water in the Tube runs out in 
drops at the Orifice A, tho' the length AB be confide- 
rably lefs than the height >C F. 

Mx.Hawksbee in his Book of Experiments has advan- 
ced another Obfervation, mmely, that the fhorter Leg 
of a Capillary Siphon* asABFC, mud be immerft in 
the Winer to the depth FC, which is equal to the height 
of the Column, that would be fufpended in it, before 
the Water will run out at the longer Leg. 

Exp. 6. from what miftake this has proceeded, I 
cannot imagine ; for the Water runs out at the longer 
Leg, as foon as the Orifice of the fnorter leg comes 
to touch the Surface of the ftagnant Water, without 
being at all immerft therein. 

Having proceeded jthus far in obedience to the com- 
mands of this tiluftrious Society, I beg leave to go a 
little farther, and to enquire into thecaufe of the aicent 
and fuipeniion of Water in capillary Tubes. 
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That this Phenomenon is no way owing to the 
preifure of the Atmofphere, has been. f think iufficknt- 
ly prov'd by Mr. Ha^kskes Experiments. 

And that the caufe aflign'd by the fame ingenious 
and inquifitive Ferfon, namely the attra&ion of the 
concave Surface, in which the fufpended Liquor is con* 
mind, is likewife infuffietent for producing this ef&:$, 
1 thus demonilrace- 

Since in every capillary Tube the height, to which 
the Water will fpontaneoufiy zfcend, is reciprocally as 
the Diameter of the Tube, it follows, that the Surface 
containing the fufpended Water in every Tube is al- 
ways a given Quantity : but the Column of Water im- 
pended is, as the Diameter of the Tube. Therefore, 
if the attradion of the containing Surface be the caufe 
©f the Waters fufpenfion 5 it will follow, that equal 
caufes produce unequal effects, which is abfurd. 

To this it may perhaps be objected, that, in two 
Tubes of unequal Diameters, the circumfiances are di- 
fferent, and therefore the two Caufes, tho'they be equal 
m themfelves, may produce effe&s that are unequal. 
For the lefler Tube has not only a greater Curvature, 
but thofe parts of the Water, which lie in the middle of 
the Tube, are nearer to the attracting Surface, than in 
the wider. But from this if any thing follows, it mull 
be, that the narrower Tube will fufpend the greater 
quantity of Water> which is contrary to Experiment- 
For the Columns fufpended are as the Diameters of 
the Tubes. 

But as Experiments are generally more fatfefa&ory 
in things of this nature, than Mathematical reafonings, 
it may not be amifs to make ,ufe of the following, 
which appear to me to contain an ■ Exftrimentum Cru- 



( 745 ) 

Fig. y. Tlte Tube CD is compofed of two Parts j in 
the wider of which the Water will rife fpontaneoufiy 
to the height B F, but the narrower Part, if it were of 
a fuf?ident length, would raife the Water to a height 
equal to C D 

Exp. 7. This Tube being fiird with Water, and the 
wider end C imiuerft in the ft agnatic Water A B, the 
whole continues fufpended. 

Exp. 8. Fig. 4, The narrower end being immerft, 
the Water immediately fubfides, and ftands at laft as: 
the height D G equal to B F. 

From which k is manifeft, that the fufpenfion of the 
Water in the former of thefe Experiments is not owing 
to the attraction of the containing Surface.* fince, if 
that were true, this Surface being the fame, when the 
Tube is- inverted, would fufpend the Water at the fame 
height. 

Having fnown the infufficiency of this Bypothefis, 
I come now to the real caufe of that Phenomenon, 
which is the attra&ion of the Periphery, or Se&ion of 
the Surface of the Tube, to which the upper Surface of 
the Water is contiguous and coheres. 

For this is the only part of the Tube, from which th6 
Water muft recede upon its fubfiding, and eonfequently 
the only one, which by the force of its cohefion, or at- 
traction, oppofesthe defcent of the Water. 

This likewife is a caufe proportional to the effect 
which it produces ; finee that Periphery, and the Co- 
lumn fufpended, are both in the fame proportion as the 
Diameter of the Tube. 

Tho* from either of thefe particulars it were ea(y to 
draw a juft Demonftration, yet to put the matter out of 
all doubt, it may be proper to confirm this aflertioir, 
as- we have done the former, by a&ual Experiment- 
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/vV. jr. Lei: there-.ore EDC be a Tube, like 
that made ufe of h the 7th and 8th Experiments, ex- 
cept that the narrower Part k of a greater length ; and 
lee A F and B 6 he th% heights, to which the Water 
would fpcntaneouih; rife in the two Tubes ED and DC 

Z?*^. 9, If this Tube have its wider Orifice C im- 
mcru into the Water ^f £, and be filfd to any height 
Ids than the length of the wider Part, the Water will 
immediately fubfide to a Level with the point G ; but if 
the Surface of the contain'd Water enter never fo little 
within the fmaller Tube E D, the whole Column D C 
will be fufpended, provided the length of that Column 
do not exceed the height AF. 

In this Experiment it is plain that there is nothing 
to fuClain the Water at fo great a height, except the 
contad of the Periphery of the Jeflcr lube, to which 
the upper Surface of the Water is contiguous, For the 
Tube O C, by the Suppofition, is not able to iupport the 
Water at a greater height than BG. 

Exp. 10 Fig. 6- When the fame Tube is inverted, 
and the Water is rats'd into the lower extremity of the 
wider Tube CD it immediately finks, if the length of 
the fufpended Column D H be greater than h B; where- 
as m the Tube D E it would be fufpended to the height 
AF From which it manifeftly appears, that the fufc 
penf.cn of the Column D H does not depend upon the 
attraction of the Tube DE*> but upon the Periphery of 
the wider Tube, with which its upper Surface is in 
contact 

For the Hike of thofe, who are pleas'd with feeing the 
fame thing fucceed in different manners, we fuhjoin the 
two following Experiments, which are in fubdance the 
fame with the 9th and loth. 

Fig. 7. A B C is a Siphon, in whofe narrower, and 
fliorterLeg^£, if it were of a fufficient length, might 

be 
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be fufpended a Certain of Water of the height E F: 
the longer and wider Leg B C will fufpend no more 
than a Column of the length G /./. 

Exp n, This Siphon being fill'd with Water, mvi 
held in the fbrne Pofition as in the Figure, the Water 
will not' tun out at Cthe Orifice of the longer Leg, un* 
lefsD C, the difference of the Legs ^ £ and # C, exceed 
the length EF. 

Ft?- 8* J5at/>. is If the narrower Leg SCbe long- 
er than A B, the Water will tun out at C, if DC the 
difference of the Legs exceed EF; otherwife it will 
remain fufpended. 

In thefe two Experiments it is plain, that the Columns 
D C are fufpended by the attraction of the Peripheries at 
A, fince their lengths are equal to E F,or to the length of 
the Column, which by the fuppofition thofe Peripheries 
are able to fupport; whereas the Tubes JB C will fuftain 
Columns, whole lengths are equal to G H. 

Tho' thefe Experiments feern to be conclufive, yet 
it may not be improper to prevent an Obje&ion, which 
naturally prefents it fclf, and which at firft view may 
be thought fufficient to overturn our Theory. 

Fig. 5. For fince a Periphery of the Tube ED is 
able to fufiain no * more than a Column of the 
length A F % contain'd in the fame Tube ; how comes 
it to fufiain a Column of the fame length in the wider 
Tube D C 5 which is as much greater than the former, 
as the ScdJion of the wider Tube exceeds that of the 
narrower ? 

Fig* 6 Again, if a Periphery of the wider Tube 
PC be able to fuflain a Column of Water in die fame 
Tube, of the length BG; why will it fuppart no more 
than a Column of the fame length in the narrower 
Tube E D 1 

Which 
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"■Which Queries may Jikevvife bs made with regard 
to the nth and 1 2th Experiments. 

The anfwer is eafy, for the Moments Of thofe two 
Columns of Water are precifely the lame, as if the fu- 
ftaining Tubes £ D and C D, were continued down to 
the Surface of the (Ugnant Water A B ; fines the velo- 
cities of the Water, where thofe Column? grow wider, or 
narrower, are to the velocities an the attracting Periphe- 
ries, reciprocally as the different Sections of the Co* 
lumns. 

.fig. 9. Exp. i}. From which confederation arifes 
this remarkable Paradox, That a Veflcl being , iven of 
whatfoevcr Form, as AB C, and containing any affigna 
ble quantity of Water, how great ibever; that whole 
quantity of Water may be fuipended above the Level, 
it' the upper part of the Veflel C be drawn out into a 
capillary Tube of a fufficient finenefs. 

But whether this Experiment will furceed, w 7 hen the 
height of the VefTel is greater than that, to which 
Water will be raised by the.preilure of the Atmofphcre, 
and how far it will be alccr'd by a f ,r ac.nm t I may 
perhaps have the honour of giving an account to the 
Society fb/iie Other time, not being .perfectly fatisfy'd 
with thofe Tryals which I have hitherto had the oppor- 
tunity of making. 

Having difcovir'd thecaufeof the fufpenfion of Wa* 
ter in capillary Tubes, it will not be difficult to 
account for the feemingly fpontaneousafcent of it. For, 
fince the Water, that enters a capillary Tube as (con 
as us Orifice is dipt therein, has it's gravity taken off 
by the attraction of the Periphery with which it's up» 
per Surfixe is in cental, it. mud nace/Iariiy rile high- 
er, partly by the prefiure of. the ilagnant Wster, and 
partly by die attraction of the Periphery immedia:cly 
above that, which is already .contiguous to it. 

It 
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Tt might now be fliown, bow naturally the various, 
and feemingly contrary appearances of the above 
mention'd Experiments are deducible from this Theory 5 
but this is fo eafy, that it is needlefs to infill upon it $ 
and our difcourfe upon this minute Suhjedt has been 
already fo tedious,, that we could fcarce hope for Pardon, 
uniefs it were directed to thofe, who are fenfible to 
how many of the greater, and more confiderable, Ph^e» 
nomena of Nature this Dodrine is applicable. 

P S. When this Paper was reading before the So- 
ciety, I found that our incomparable Prefident was 
already acquainted with the above-mentioned Principle, 
and I have fince met with feveral Paffages in the 31ft 
Query fubjoin'd to the late Edition of his Opt kh 
which plainly fhew, that he was Matter of it, when 
they were written, 

i mud do the fame Juftice to that excellent Mathema* 
tician Mr. John M&chin , Profeflbr of Aftronomy ia 
Grefyam College. 

To thefe two worthy Perfons I am obliged For the 
following Obfervation, That, what I call a Periphery, 
or Sedion of the concave furface of the Tube, is really 
a fmall Surface, whofe Bafe is that Periphery, and 
whofe height is the diftance, to which the attra#ive 
power of the Glafs is extended. 
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